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Evolving a lipase for hydrolysis of natural triglycerides along with 



































were	 tested	 for	 their	ability	 to	 survive	 in	an	environment	 that	might	be	encountered	 in	a	
washing	machine.	Unfortunately,	they	were	inactivated	both	by	treatment	with	a	protease	
used	 in	 laundry	 detergents	 and	 by	 very	 low	 concentrations	 of	 sodium	 dodecyl	 sulfate.	 In	
addition,	all	the	variants	had	very	low	levels	of	activity	with	triglycerides	with	long	aliphatic	
chains	and	with	naturally	occurring	oils,	like	olive	oil.		
Directed	 evolution	 was	 used	 to	 select	 variants	 with	 enhanced	 properties.	 In	 the	 first	 ten	
rounds	of	evolution,	the	primary	screen	selected	for	variants	capable	of	hydrolysing	olive	oil	












The	 object	 of	 this	 study	 was	 to	 identify	 lipase	 variants	 that	 could	 be	 used	 in	 industrial	




from	 a	 lipase,	 Lip3	 (wild-type	 -	wt),	 from	Drosophila	melanogaster	 encoded	 by	 the	 gene	
CG8823.	The	previous	study	produced	30	variants	with	higher	activities	than	wt	as	measured	
with	crude	lysate.		The	wt	and	five	of	these	variants	were	purified	and	characterized.	The	wt	
expressed	 well,	 but	 had	 very	 little	 activity	 due,	 in	 part,	 to	 its	 poor	 solubility.	 The	 variants	










third	 detergent,	 LD3,	 is	 marketed	 as	 a	 liquid;	 it	 operates	 in	 warm	 water	 and	 is	 intended	
primarily	to	remove	stains	caused	by	 lipids.	The	enzyme	present	 is	 thought	to	be	a	 lipase.	
There	were	predominantly	two	types	of	surface	active	agents	 in	these	detergents;	anionic	









In	 addition	 to	 surface-active	 agents,	 laundry	 detergents	 frequently	 contain	 enzymes.	
Proteases	were	the	first	and	are	still	the	most	common	enzyme	additive	(Kumar	et	al.	2008;	
























Pty.	 Ltd.	 (Australia)	 unless	 otherwise	 stated.	 Tris	 buffer	 was	 obtained	 from	 BioStrategy	








characterization.	 These	 enzymes	 were	 purified	 as	 described	 in	 the	 accompanying	 paper	
(Alfaro-Chavez	et	al.	2019).	The	object	of	the	 initial	characterization	was	to	determine	the	
ability	of	the	enzymes	to	degrade	esters	with	long	chains;	four	substrates	were	used:	pNP-C3,	
pNP-C8,	 pNP-C16	 and	 pNP-C18.	 This	 assay	 was	 essentially	 the	 same	 as	 described	 in	 the	
accompanying	paper	(Alfaro-Chavez	et	al.	2019)	and	will	only	be	briefly	described	here.	All	






































previously	 (Alfaro-Chavez	 et	 al.	 2019;	 Stevenson	 et	 al.	 2008).	 This	 protocol	 used	 short	
extension	times	so	that	the	genes	would	be	shuffled	with	the	Staggered	extension	process	
(StEP)	(Stemmer	1994;	Zhao	et	al.	1998).	R8	was	generated	from	50-60	ng	of	each	of	the	30	
genes	 isolated	 in	 R7	 variants.	 Randomized	 mutations	 were	 introduced	 using	 MnCl2,	 high	
concentrations	of	MgCl2	and	Taq	DNA	polymerase	(Alfaro-Chavez	et	al.	2019).	The	libraries	
for	R8	to	R23	were	produced	by	mixing	the	product	of	three	PCR	runs,	each	with	different	













perform	 this	 epPCR	 cycle.	 In	 R19	 a	 different	 approach	 was	 taken.	 The	 digested	 gene	 was	
	 7	
ligated	into	pET26b	to	reduce	the	expression	level.	However,	the	transformation	efficiency	
was	 still	 lower	 than	 required.	 The	 problem	 with	 library	 size	 was	 eventually	 solved	 by	
introducing	a	new	primer	for	sequencing	and	epPCR:	5’-GAA	GGA	GAT	ATA	CAT	ATG	GG-3’.	
























the	 quality	 of	 the	 halos.	 This	 usually	 meant	 that	 colonies	 with	 the	 largest	 haloes	 were	


















measured	 by	 adding	 100	 µL	 of	 pNP-C16	 substrate	 mixture	 .	 Activity	 was	 followed	 for	 5	
minutes	at	405	nm	in	a	Spectramax	M2e	reader	at	room	temperature.	To	test	lipolytic	activity,	
we	prepared	a	mixture	(0.02%	v/v	coconut	oil,	0.02%	olive	oil	v/v	in	1mM	Tris-HCl	buffer	pH	





Shaker	 Titramax	 1000	 and	 the	 mutants	 that	 turned	 yellow	 were	 selected.	 The	 mutants	
selected	 from	 plates	 A	 and	 B	 were	 streaked	 into	 LB	 amp	 plates	 with	 0.2%	 olive	 oil	 and	





This	 screen	 followed	 a	 similar	 protocol	 to	 one	 that	 had	 been	 used	 to	 select	 lipases	 for	
biodiesel	production	(Korman	et	al.	2013).	The	screen	 involved	replication	of	the	colonies,	
their	 lysis,	 treatment	 of	 the	 lysate	 with	 SDS	 and	 subsequent	 activity	 determination.	 After	
preparing	 the	 library	 determining	 the	 cell	 density,	 around	 500	 colonies	 per	 plate	 were	
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inoculated	 on	 LB	 agar	 plates	 with	 Ampicillin.	 The	 plates	 were	 then	 incubated	 at	 37°	 C	
overnight.	 The	 colonies	 were	 then	 blotted	 onto	 Whatman	 grade	 3	 filter	 paper	 (GE	
Healthcare),	lysed	with	50	mM	Tris-HCl	at	pH	8,	0.1	M	NaCl,	0.1%	Triton	X-100	and	1	mg/ml	













two	 assays	 were	 used	 to	 select	 variants.	 These	 dual	 assays	 employed	 an	 esterase	 to	
determine:	A)	tolerance	to	detergents	(R8-R10),	mainly	SDS	(R11	–	R17	and	R19	–	R23);	B)	
tolerance	to	protease	(R12	–	R17);	and	C)	Thermostability	(R21-	R23).	In	these	dual	assays,	


















The	 formation	 of	 p-nitrophenolate	 was	 followed	 spectrophotometrically	 at	 405	 nm.	 The	





















variants	chosen	were	the	best	 in	 their	 respective	rounds.	Variants	were	chosen	from	R13,	
R17,	R18,	R20	and	R23	(R13_44C,	R17_29G,	R18_211H,	R20_11A,	R23_110A).	These	enzymes	
were	purified	as	described	in	the	accompanying	paper	(Alfaro-Chavez	et	al.	2019).	Most	of	























The	 tolerance	 of	 R7_82E,	 R18_211H	 and	 R23_110A	 to	 high	 concentrations	 of	 SDS	 was	


























a	 SDS-PAGE	 gel.	 The	 sample	 collected	 after	 one	 minute	 gave	 rise	 to	 bands	 in	 a	 gel	 that	














stages	 were	 repeated	 till	 the	 desired	 variants	 were	 obtained	 (Figure	 1).	 In	 the	 first	 stage,	








the	 next	 library.	 As	 will	 be	 described	 below,	 the	 methods	 used	 to	 measure	 activity	 in	 the	
secondary	 screen	 utilized	 variants	 as	 produced	 in	 crude	 lysates	 so	 that	 it	 was	 not	 clear	 if	
increases	 in	 activity	 were	 due	 to	 increased	 catalytic	 performance	 or	 a	 change	 in	 physical	
properties,	such	as	increased	expression,	solubility	or	stability.	For	this	reason,	a	selection	of	




Our	 starting	point	was	 the	30	variants	we	had	previously	 identified	after	 seven	 rounds	 of	











suggesting	 that	 tolerance	 to	 this	 reagent	 would	 not	 present	 problems	 for	 evolution.	
Alcalase®,	a	protease	marketed	for	use	in	laundry	detergents,	almost	completely	inactivated	
the	wt	 enzyme,	 but	 R7_82	 exhibited	 some	 tolerance	 to	 it,	 suggesting	 that	 finding	 other	








and	 Latha	 2015;	 Lawrence	 et	 al.	 1967).	 Could	 we	 add	 detergents	 to	 the	 agar	 to	 test	 for	
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tolerance	to	these	reagents?	SDS	lyses	cells	so	it	was	pointless	trying	this	reagent.	However,	












were	 used	 to	 grow	 a	 library	 for	 primary	 screening	 and	 selection	 was	 done	 by	 monitoring	







size	 was	 estimated	 to	 be	 3	 x	 10
5
,	 much	 higher	 than	 subsequent	 libraries,	 because	 larger	














The	 objectives	 of	 the	 evolution	 varied	 through	 the	 course	 of	 the	 experiment,	 and	 so	 the	
methods	 used	 to	 screen	 the	 libraries	 changed	 (Table	 III).	 In	 R8	 through	 R12,	 the	 primary	

























was	 considerably	 more	 active	 than	 the	 R7	 variants,	 that	 it	 retained	 more	 than	 half	 of	 its	
activity	 after	 treatment	 with	 2%	 SDS	 for	 15	 minutes,	 and	 that	 4%	 SDS	 was	 required	 to	
completely	abolish	activity.	At	this	point,	R18_211H	was	purified	along	with	the	wt,	two	R7	
variants	(R7_59A	and	R7_82E),	one	R13	variant	(R13_44C),	and	one	R17	variant	(R17_29G).	
The	 properties	 of	 these	 proteins	 were	 determined,	 showing	 that	 directed	 evolution	 had	
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resulted	in	a	significant	increase	in	SDS	tolerance	(Table	IV).	R13_44C	retained	about	60%	of	



























	 library),	 so	we	decided	 to	develop	a	
replica	 agar	 plate	 assay	 (see	 Methods).	 In	 R19	 through	 R23	 variants	 were	 selected	 for	
secondary	screening	if	they	exhibited	good	esterase	activity	after	treatment	with	SDS	on	a	
replica	plate.	In	the	secondary	screen,	the	activity	of	variants	was	measured	with	an	esterase	
assay	 before	 and	 after	 treatment	 with	 SDS	 so	 that	 the	 stability	 of	 variants	 could	 be	
determined.	The	SDS	concentration	was	increased	steadily	during	these	rounds	(Table	IV).	In	
R23	 olive	 oil	 was	 added	 to	 the	 agar	 plates	 used	 in	 the	 primary	 screen,	 and	 selection	 for	
secondary	screening	required	good	lipase	activity	as	well	as	esterase	activity	after	treatment	
with	SDS.	 In	this	round,	3%	SDS	was	used	 in	the	primary	screen	while	4%	was	used	 in	the	
















in	 the	 R20	 variant	 after	 treating	 with	 2%	 SDS	 for	 one	 hour	 while	 the	 same	 treatment	 of	
R23_110A	 resulted	 in	 an	 increase	 in	 the	 residual	 activity;	 concentrations	 of	 SDS	 up	 to	 4%	
activate	it	(Figure	2).	Complete	abolition	of	activity	of	the	R23	variant	required	a	one	hour	





increased	 by	 a	 factor	 of	 2.6	 after	 treatment	 with	 SDS	 but	 retained	 only	 about	 10%	 of	 its	
activity	 after	 treatment	 with	 LP2	 and	 40%	 of	 its	 activity	 after	 treatment	 with	 Alcalase.	
However,	 treatment	 with	 LD3,	 a	 product	 formulated	 to	 accommodate	 a	 lipase,	 did	 not	
diminish	the	activity	of	the	R18,	while	it	appeared	to	activate	the	R23	variant.		
It	was	expected	 that	 increased	 tolerance	 to	SDS	would	be	accompanied	by	an	 increase	 in	
thermostability	and	all	the	post-R7	variants	had	increased	thermal	stability	compared	to	the	
R7	variant.	However,	there	did	not	appear	to	be	a	correlation	between	tolerance	to	SDS	and	
thermostability.	 The	 R18	 variant	 exhibited	 the	 best	 thermostability	 (T1/2	 =	 73
o












protease	 after	 1	 hour	 and	 maintained	 most	 of	 their	 activity	 after	 3	 hours	 (Table	 S1	 in	
Supplementary	material).	An	attempt	was	made	to	identify	residues	responsible	for	tolerance	







Only	 a	 few	 persisted	 into	 subsequent	 rounds	 and	 some	 of	 these	 approached	 saturation	
(present	in	>	90%	of	sequenced	variants).	On	average,	about	one	change	per	round	persisted.	
The	 initial	 library	 for	 this	 study	 was	 generated	 with	 mutated	 genes	 of	 Lip3	 from	 the	
companion	study	(Alfaro-Chavez	et	al.	2019).	This	introduced	four	mutations	that	saturated	





























increases	 in	 activity	 occurred	 because	 the	 amount	 of	 active	 enzyme	 in	 the	 crude	 lysate	
increased.	Directed	evolution	thus	selected	for	variants	with	increased	stability	and	solubility,	
not	necessarily	increased	specific	activity.	The	present	work	was	more	ambitious	as	selection	









had	 already	 developed	 high	 throughput	 screens	 to	 improve	 substrate	 specificity	 (Alfaro-
Chavez	et	al.	2019),	but	not	to	improve	tolerance	to	proteases	and	surface	active	agents.	We	
therefore	decided	to	select	for	substrate	specificity	in	a	large	primary	screen	followed	by	a	






















activity	could	only	be	detected	 in	very	 low	 levels	of	 LP1	and	LP2.	 It	 subsequently	became	
apparent	that	this	result	was	due	to	the	poor	tolerance	of	E.	coli	to	these	products.	Cells	could	












The	ability	 to	degrade	 these	 substrates	 improved	 slowly	 (Table	 IV).	 For	example,	 the	best	
	 21	
variant	 in	 R13	 exhibited	 lipase	 activity	 with	 olive	 oil	 that	 was	 enhanced	 by	 a	 factor	 of	
approximately	4.5	compared	with	the	wt,	while	by	R17	this	had	decreased	to	about	2.8.	The	
secondary	 screens	 were	 carried	 out	 with	 libraries	 of	 the	 order	 10
3
	 and	 selection	 was	 for	
tolerance	 to	 SDS	 and	 proteolysis.	 Tolerance	 to	 proteolytic	 attack	 was	 achieved	 easily	 by	












be	 achieved	 by	 placing	 greater	 emphasis	 on	 activity.	 For	 example,	 the	 secondary	 screen	
selection	could	be	based	on	activity	as	well	as	tolerance	to	SDS.	In	R23,	variants	were	selected	
if	they	exhibited	high	levels	of	tolerance	to	SDS	without	exceptionally	high	levels	of	activity.	
























susceptible	 to	 proteolysis.	 As	 noted	 above,	 tolerance	 to	 proteolytic	 attack	 was	 readily	






In	 the	 early	 rounds	 of	 evolution,	 commercial	 detergents	 were	 used	 in	 selection.	 These	
products	 were	 not	 ideal	 for	 evolution	 because	 their	 composition	 is	 not	 always	 publically	
available	and	they	can	change	at	the	discretion	of	the	manufacturer,	so	we	decided	to	use	
selection	 with	 SDS	 instead.	 Nevertheless,	 purified	 variants	 were	 tested	 for	 tolerance	 to	
commercial	 products.	 Interestingly,	 the	 R23	 variant	 was	 not	 the	 variant	 most	 tolerant	 of	
commercial	 powders.	 In	 going	 from	 R18	 to	 23	 the	 tolerance	 to	 SDS	 increased,	 but	 the	
tolerance	 to	 LD1	 and	 LD2	 decreased.	 It	 is	 probable	 that	 SDS	 is	 not	 present	 in	 any	 of	 the	
commercial	 product	 and	 that	 in	 concentrating	 on	 SDS	 stability	 in	 R18	 through	 R23	 we	











2013;	 Yong	 and	 Scott	 2015).	 In	 these	 studies,	 the	 Cellular	 High-Throughput	 Encapsulation	
Solubilisation	and	Screening	(CHESS)	method	was	used	(Yong	and	Scott	2015).	In	one	study,	
very	 large	 libraries	 (10
10















is	 unlikely	 that	 both	 enzymes	 will	 be	 suitable	 in	 all	 other	 respects	 for	 use	 in	 a	 laundry	
detergent.	Traditional	protein	engineering	approaches	have	also	been	used	(Frenken	et	al.	
1993;	Markert	et	al.	2001).	In	one	such	approach,	protease	cleavage	sites	were	identified	and	
































the	 task	 of	 assigning	 a	 role	 to	 specific	 changes	 more	 difficult.	 For	 example,	 it	 has	 been	
suggested	that	surfactant	stability	correlates	with	thermal	stability	(Ece	et	al.	2015;	Salameh	
and	Wiegel	2010).	In	this	study,	the	SDS	stability	increased	as	evolution	progressed,	but	the	
same	 cannot	 be	 said	 for	 thermos-stability.	 The	 R23	 variant	 exhibited	 greatly	 enhanced	
tolerance	to	a	heat	shock	that	the	wt	or	the	R7	variants,	but	it	was	less	stable	than	the	R18	
variant.	Our	results	give	some	support	to	the	proposition	that	surfactant	and	thermal	stability,	



















changes	 enhanced	 stability	 in	 the	 absence	 of	 detergents,	 but	 did	 not	 stabilise	 –	 or	 were	
destabilising	–	in	their	presence.	Only	four	changes	observed	in	R7	(Table	V	and	green	circles	
in	Figure	3)	were	preserved	 in	R17;	 these	were	 residues	201,	268,	291	and	321.	As	noted	


















involved	 SDS.	 Similarly,	 the	 D230G	 change	 that	 saturated	 in	 R17	 removed	 a	 negatively	
















Perhaps	 the	 most	 important	 aspect	 of	 this	 work	 has	 been	 the	 development	 of	 screens	 to	
select	for	variants	with	enhanced	properties.	It	may	be	possible	to	adapt	these	screens	for	
tolerance	 to	 surface-active	 agents	 other	 than	 SDS	 and	 proteases	 other	 than	 Alcalase.	 The	
primary	goal	of	the	work	was	to	produce	variants	with	enhancements	in	three,	potentially	





relatively	 small	 number	 of	 changes	 were	 required	 to	 convert	 an	 enzyme	 that	 had	 poor	
solubility	and	weak	activity	in	water	to	one	that	was	not	only	soluble,	but	exhibited	enhanced	
	 27	
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	 wt	 R7	59A	 R7	82E	
Detergent	Effect	
%	remaining	activity	after	60	minutes	of	incubation	
	 %	 %	 %	
SDS	2%	 1±2	 1±1	 2.3±2.5	
Triton	X-100	2%	 20±3	 99±1	 37±1	
LD1	0.5%	 5±1	 2±1	 1.9±0.1	
LD2	0.5%	 2.2±0.3	 1.9±0.2	 2.5±0.2	
LD3	0.5%	 30.7±0.3	 64.7±0.2	 36.6±0.4	
Alcalase®	2%	 4.0±0.4	 6.5±0.5	 48.8±0.4	
Specific	Activity	
µM	!-nitrophenol/min/µg	protein	
pNP-C3	 15.9±0.02	 99.9±0.1	 74.1±0.1	
pNP-C8	 96.6±0.1	 147.56±0.02	 148.14±0.01	
pNP-C16	 1.635±0.002	 3.06±0.02	 0.782±0.004	

































































































































































	 wt	 R7_59A	 R7_82E	 R13_44C	 R17_29G	 R18_211H	 R20_11A	 R23_110A		
Detergent	Effect	
%	remaining	activity	after	60	minutes	of	incubation	
SDS	2%	 1±2	 1±1	 2.3±2.5	 59±1.5	 69±1.5	 84±10	 102±2	 260±3	
Triton	X-100	2%	 20±3	 99±1	 37±1	 101.5±0.4	 95.1±1.4	 98±2	 98±1	 118±4	
LD1	0.5%	 5±1	 2±1	 1.9±0.1	 1.8±0.1	 7.2±3.2	 16.9±0.2	 1.2±0.2	 11±1	
LD2	0.5%	 2.2±0.3	 1.9±0.2	 2.5±0.2	 98±3	 72.7±3.1	 98±1	 44±6	 						11±1	
LD3	0.5%	 30.7±0.3	 64.7±0.2	 36.6±0.4	 98±2	 122.3±5.2	 97±2	 102±1	 140±5	
Alcalase®	2%	 4.0±0.4	 6.5±0.5	 48.8±0.4	 96±4	 80.3±2.3	 101±2	 100±3	 41±1	
Specific	Activity	
µM	p-nitrophenol/min/µg	protein	
pNP-C3	 15.9±0.02	 99.9±0.1	 74.1±0.1	 106.7±0.3	 320.1±5	 131.6±0.4	 476.7±0.1	 366.7±0.2	
pNP-C8	 96.6±0.1	 147.56±0.02	 148.14±0.01	 145.61±0.03	 857.6±6	 146.7±0.02	 460.81±0.03	 697.6±0.1	
pNP-C16	 1.635±0.002	 3.06±0.02	 0.782±0.004	 56.6±0.1	 21.3±2.2	 139.09±0.05	 295.32±0.01	 95.56±0.01	
pNP-C18	 1.566±0.003	 4.16±0.01	 0.89±0.01	 65.98±0.12	 29.7±1	 160.2±0.1	 152.66±0.01	 94.2±0.1	
Lipolytic	activity	
µM	acid	released/min/	µM	protein	
Tributyrin	 4.5±0.3	 23±1	 16±3	 65±1	 		30±3																																																																		66±1 71±8 40.2±0.3	
glyceryl	trioctanoate	 9.5±0.2	 60±1	 57±1	 59.4±0.1	 78±1	 55±1	 36.4±4.1	 21.7±0.4	
coconut	oil	 3.1±0.2	 14.5±3.5	 14±2	 13±1	 12.4±2	 20±2	 19±2	 10±1	
glyceryl	trioleate	 0.2±0.2	 2.4±0.4	 2±1	 17.3±0.3	 14±0.2	 21±1	 23±2.0	 13.3±0.4	
olive	oil	 0.08±0.01	 1.3±0.3	 1.2±0.5	 3.7±0.3	 2.2±0.3	 16.9±0.4	 15±1	 5.1±0.3	
Thermostability	
[°C]	
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wt	 R7_9A	 R7_82E	 R13_44C	 R18_211H	 R20_11A	
	 %	 %	 %	 %	 %	 %	
SDS	1%	
30	 7.98±0.29	 29.5±0.1	 57.3±0.1	 85.02±0.05	 101.63±0.02	 100.3±0.1	
60	 1.98±0.05	 31.3±0.1	 58.83±0.02	 86.1±0.1	 98.94±0.03	 102.8±0.1	
90	 0.9±0.1	 30.1±0.1	 59.78±0.01	 82.82±0.03	 99±3	 98±5	
120	 0.6±0.5	 28.9±0.4	 54±1	 78±2	 97±2	 100±1	
SDS	2%	
30	 4.39±0.02	 2.3±0.1	 3.8±0.4	 19±1	 21±6	 92±5	
60	 1±2	 1±1	 2.3±2.5	 59±17	 84±13	 102±2	
90	 1.1±0.4	 0.3±0.5	 6±6	 0.5±0.1	 5±1	 58±8	
120	 0	 1±1	 2.5±0.5	 3±2	 2±1	 0.4±0.2	
Triton	X-
100	2%	
30	 80	±1	 128±2	 87±1	 100±3	 100±1	 98.3±0.2	
60	 20±3	 99±1	 37±1	 101.6±0.4	 98±2	 98±1	
90	 18.2±0.4	 89±1	 34±1	 100±3	 99±1	 99.02±0.39	
120	 16.5±0.6	 75.8±0.5	 25±2	 101±1	 98±2	 101±2	
LD1	0.5%	
30	 5.95±0.42	 1.7±0.1	 0.1±0.4	 25.9±0.4	 74±5	 50±2	
60	 5±1	 2±1	 1.9±0.1	 1.8±0.1	 16.9±0.2	 1.2±0.2	
90	 1.1±0.2	 0.2±0.1	 0.5±0.2	 0.9±0.1	 6.6±0.1	 0.18±0.01	
120	 0.5±0.3	 0.03±0.02	 0.2±0.2	 1.2±0.2	 5±1	 2±2	
LD2	0.5%	
30	 13±3	 0.8±0.5	 15±1	 98.1±0.4	 102±2	 97±1	
60	 2.2±0.3	 1.9±0.2	 2.5±0.2	 98±3	 98±1	 44±6	
90	 1.5±0.2	 0.6±0.1	 2.6±0.1	 97±1	 76±1	 9±3	
120	 2.5±0.4	 0.6±0.2	 1.5±0.1	 95±1	 45±1	 2.2±0.1	
LD3	0.5%	
30	 83±2	 125±42	 85±1	 101±3	 100±1	 100±2	
60	 30.7±0.3	 64.7±0.2	 36.6±0.4	 98±2	 97±2	 102±1	
90	 21.1±0.3	 52.3±0.4	 30.6±0.1	 99±2	 100±1	 101±2	
120	 21±1	 45.9±0.4	 24±1	 98.4±0.5	 99±3	 102±1	
Alcalase®	
2%	
30	 2.±3	 5±1	 39±2	 99.7±0.2	 100±2	 99±1	
60	 3.97±0.41	 6±1	 48.8±0.4	 96±4	 100.5±2	 100±3	
90	 7±2	 5±1	 50±1	 86±2	 95±2	 99±3	
120	 6±1	 4.6±0.3	 41±1	 59.3±0.4	 76±2	 66±1	
	
